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ABSTRACT 

This memorandum updates an earlier "quick-look" 
study of the average consumables usage required to realize an 
extended duration AS-204 mission. 

The results were illustrated in the earlier report by 
superimposing a region of operation on a set of basic data which 
related net water usage to the total D. C. electrical power 
load. 
by ECS radiator performance, consumables available for power 
generation and thermal control and the minimum power required 
to achieve the mission objectives. These boundaries were 
expressed as average values f o r  the total flight. 

regulation and the combination of individual fuel cell water- 
versus-power characteristics have been considered. 

The bounds of this operational envelope were determined 

/ In this report, the effects of fuel cell voltage 
, 

The results show that an assumed 14-day flight is 
feasible provided that the ECS radiator performance does not 
degrade beyond an absorptivity of approximately 0.47 (0.34 was 
reported earlier, 0.2 is normal). Under conditions of drifting 
flight, the total permissible electrical load without water 
boiling is approximately 1350 watts with undegraded radiators. 
If the SM RCS is used to control attitude to optimize radiator 
heat rejection, this power can be increased to 1800 watts. 

Graphical operational envelopes are also presented 
for one, two, and three fuel cell configurations. 
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MEMORANDUM FOR FILE 

1 . 0  I n t r o d u c t i o n  

T h i s  r e p o r t  u p d a t e s  an e a r l i e r  memorandum which 
p r o v i d e d  a " q u i c k  look"  a t  t h e  r e q u i r e m e n t  f o r  managing consumables  
on t h e  AS-204 m i s s i o n  f o r  an  ex tended  d u r a t i o n  f l i g h t .  The bases 
f o r  a n a l y s i s  a re  summarized t o  minimize t h e  need t o  r e f e r  t o  t h e  
i n i t i a l  r e p o r t .  I n  t h i s  updated  s t u d y ,  however,  t h e  e f f e c t s  of  
o p e r a t i n g  w i t h  t h r e e ,  two, and one f u e l  c e l l  c o n f i g u r a t i o n s  a r e  
c o n s i d e r e d .  

The a n a l y s i s  i s  i l l u s t r a t e d  on t h e  a t t a c h e d  f i g u r e s  
as an  enve lope  which i s  bounded by a v e r a g e  ra tes  of  consumable 
e x p e n d i t u r e s  which must b e  ach ieved  t o  accompl i sh  t h e  assumed 
m i s s i o n  d u r a t i o n  o b j e c t i v e .  

S p e c i f i c a l l y ,  t h i s  u p d a t i n g  s t u d y  takes  i n t o  c o n s i d e r a t i o n  
t h e  v a r i a t i o n  of D .  C .  bus  v o l t a g e  w i t h  l o a d  c u r r e n t  and t h e  
s l i g h t  v a r i a t i o n s  o f  t h e  water p r o d u c t i o n  v e r s u s  power -d i s s ipa t ed  
in-the-CM c h a r a c t e r i s t i c s  f o r  t h r e e ,  two,  and one f u e l  c e l l  
c o n f i g u r a t i o n s .  Taking  these  d i f f e r e n c e s  i n t o  accoun t  a l lows  
more a c c u r a t e  p r e d i c t i o n  of net water consumption w i t h  degraded  
r ad ia to r s  as r e p o r t e d  i n  t h e  e a r l i e r  memorandum. I n  a d d i t i o n ,  
t h i s  s t u d y  i n c l u d e s  c o n s i d e r a t i o n  o f  t h e  power l e v e l s  t h a t  can  b e  
s u s t a i n e d  w i t h  no w a t e r  b o i l i n g .  

A s  i n  t h e  e a r l i e r  memorandum, t h e  a n a l y s i s  i s  concerned  w i t h  
consumables  which a re  c u r r e n t l y  c o n s i d e r e d  t o  b e  c r i t i c a l  con- 
s t r a i n t s  t o  m i s s i o n  d u r a t i o n  ( i . e . ,  c r y o g e n i c  hydrogen ,  w a t e r  and 
SM R C S  p r o p e l l a n t ) .  Command Module R C S  and S e r v i c e  P r o p u l s i o n  
System p r o p e l l a n t s ,  s p a c e c r a f t  c r y o g e n i c  oxygen, b a t t e r i e s  and 
o t h e r  l i f e  s u p p o r t  consumables  ( e . g . ,  f o o d ,  L i O H  c a r t r i d g e s ,  e t c . ) ,  
a r e  n o t  c o n s i d e r e d  t o  be c r i t i c a l  c o n s t r a i n t s  on m i s s i o n  l e n g t h .  
A c c o r d i n g l y ,  no a t t e m p t  has been made t o  i n c o r p o r a t e  t h e s e  
consumables  i n t o  t h e  s t u d y .  

The b a s i c  data  and m o s t  o f  t h e  supplem n a r y  data  have 
( 3 )  been  o b t a i n e d  from t h e  M i s s i o n  Modular Data Book T2t p r e p a r e d  by 

N o r t h  American A v i a t i o n .  An e l e c t r i c a l  power p r e d i c t i o n  from MSC 
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was used  i n  t h a t  i n s t a n c e  where t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  
NAA Data Book was i n c o m p l e t e .  The t h e r m a l  b a l a n c e  i s  based on 
t h e  p o r t i o n  o f  e l e c t r i c a l  power consumed i n  t h e  Command Module, 
as w e l l  as assumed a v e r a g e  m e t a b o l i c  l o a d s  ( 1 5 0 0  BTU/hr)  and CM 
heat  leaks ( -600  B T U / h r ) .  

2 . 0  Consumables E x p e n d i t u r e s  Envelope 

F o r  pu rposes  o f  i l l u s t r a t i o n ,  a 14-day  m i s s i o n  i s  
assumed. M i s s i o n s  of  s h o r t e r  d u r a t i o n  w i l l  a l l o w  more l a t i t u d e  
f o r  o p e r a t i o n  ( i . e . ,  i a rger  e n v e i o p e s j .  

The bounds of  t h e  enve lope  shown on t h e  a t t a c h e d  f i g u r e s  
a r e  d e t e r m i n e d  by  t h e  f o l l o w i n g  s i x  c o n s t r a i n t s :  

1. Water consumption f o r  e v a p o r a t i v e  c o o l i n g .  

2 .  Minimum a v e r a g e  power l e v e l  t o  s a t i s f y  t h e  AS-204 
, m i s s i o n  o b j e c t i v e s .  

3 .  Maximum a v e r a g e  power l e v e l  p e r m i s s i b l e  f o r  ex tended  
d u r a t i o n .  

4 .  ECS r a d i a t o r  per formance .  

5 .  SM R C S  p r o p e l l a n t  a v a i l a b l e  f o r  a t t i t u d e  c o n t r o l .  

6 .  Minimum v o l t a g e  r e q u i r e m e n t s .  

These  a re  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  

2 . 1  Water Consumption f o r  E v a p o r a t i v e  Coo l ing  (Lower Boundary)  

Net water t o  s t o r a g e  was d e f i n e d  i n  Refe rence  1 as t h e  
h o u r l y  r a t e  d i f f e r e n c e  between the  water b e i n g  g e n e r a t e d  and t h e  
water consumed d u r i n g  f l i g h t .  

The c r i t i c a l  d e t e r m i n a n t s  were, ( a )  t h e  water produced 
by  t h e  f u e l  c e l l s ,  ( b )  t h e  water used  i n  t h e  e v a p o r a t i v e  heat 
e x c h a n g e r s ,  and ( c )  water s t o r e d  on board  a t  l a u n c h .  When t h e  
water consumption r a t e  exceeds  t h e  g e n e r a t i o n  r a t e ,  t h e  a d d i t i o n a l  
water must come from s t o r e d  r e s e r v e s .  

Fo r  2 0 2 . 5  l b s  of u s a b l e  water i n  CM and SM s t o r a g e  t a n k s  
a t  l a u n c h  (maximum CM and SM s t o r a g e  c a p a c i t y  i s  204  l b s )  and a 
m i s s i o n  l e n g t h  of 330 h o u r s ,  t h e  maximum a v e r a g e  n e t  consumption 
r a t e  of w a t e r  may n o t  exceed  p r o d u c t i o n  by  more t h a n  0 . 6 1  l b / h r .  
T h i s  i s  t h e  lower  boundary of t h e  o p e r a t i n g  enve lope  as shown i n  
F i g u r e  I.  
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2 . 2  Minimum Average Power Level  (Lef t -hand  Boundary) 

watts (3)*which  i s  a t t a i n a b l e  on ly  if t h e  d r i f t i n g  f l i g h t ,  powered- 
down mode i s  a d o p t e d .  The re  a r e ,  o f  c o u r s e ,  peak  e l e c t r i c a l  l o a d s  
c o n s i d e r a b l y  above t h e  1 7 l O - w a t t  f i g u r e  as w e l l  as l o n g  p e r i o d s  
of  s l i g h t l y  lower  demand. 

The minimum a v e r a g e  power l e v e l  i s  estimated a t  1 7 1 0  

2 . 3  Maximum Average Power Level  (Right -hand Boundary) 
7 O n -  Maximum a v e r a g e  power 1 c v c l  &.tt&;iia”ue Is LUUU waLts. 

T h i s  l e v e l  was based i n  t h e  e a r l i e r  r e p o r t  on t h e  t o t a l  amount of  
hydrogen a v a i l a b l e  f o r  power g e n e r a t i o n  d u r i n g  f l i g h t ,  a p p r o x i -  
ma te ly  56 l b s ,  assuming 1 0 0 %  l o a d i n g .  

2 . 4  ECS R a d i a t o r  Performance ( S l o p i n g  Boundary) 

A s  s t a t e d  i n  t h e  e a r l i e r  memo, ECS r a d i a t o r  per formance  
i s  a f u n c t i o n  o f  s p a c e c r a f t  a t t i t u d e  ( i . e . ,  o r i e n t a t i o n  t o  t h e  
s u n ,  e a r t h ,  and deep  s p a c e  as h e a t  s o u r c e s  or s i n k s )  and t h e  
t h e r m a l  c h a r a c t e r i s t i c s  of  t h e  c o a t i n g  ( i . e . ,  e = e m i s s i v i t y  and 
c1 = a b s o r p t i v i t y ) .  The a b s o r p t i v i t y  o f  a c l e a n  r a d i a t o r  i s  0 . 2 .  
Some t e s t  data  i n d i c a t e  t h a t  t h e r m a l  c o a t i n g s  m a y  be deg raded  by  
U O O S ~  h e a t i n g ,  r e t r o - r o c k e t  e x h a u s t ,  or by RCS plume impingement.  
A s  t h e  r a d i a t o r  c o a t i n g s  deg rade ,  t h e y  a r e  l e s s  e f f e c t i v e  i n  
r e j e c t i n g  heat and t h e  sys tem t h e r m a l  b a l a n c e  w i l l  r e q u i r e  more 
and more w a t e r  b o i l i n g .  The f i x e d  supp ly  of  water l i m i t s ,  t h e r e f o r e ,  
t h e  t o t a l  heat t h a t  can  b e  r e j e c t e d  and t h u s  l i m i t s  maximum pep- 
m i s s i b l e  e l e c t r i c a l  power l o a d  i n  t h e  C M .  

I-r 

The maximum power l e v e l  w i t h  water b o i l e r  o p e r a t i o n  
d e c r e a s e s  w i t h  r a d i a t o r  d e g r a d a t i o n  from 1800  wat ts  w i t h  a r a d i a t o r  
w i t h  c1 between 0 . 2  and 0 . 4 ,  down t o  1710 w a t t s  w i t h  a more degraded  
r a d i a t o r ,  ~1 2, . 4 7 ,  as shown i n  F i g u r e  I .  

t h a t  i s  r e j e c t e d  from t h e  r a d i a t o r s  a n d ,  t h e r e f o r e ,  d e c r e a s e s  t h e  
power l e v e l  t h a t  c o u l d  be t h e r m a l l y  ba l anced  w i t h o u t  water b o i l i n g  
from a p p r o x i m a t e l y  1350 wat ts  down t o  a p p r o x i m a t e l y  1 0 0 0  wa t t s .  
The r e s u l t s  of t h i s  s t u d y  i n d i c a t e  t h a t  i f  t h i s  a b s o r p t i v i t y  i s ,  
however,  n o t  deg raded  beyond approx ima te ly  0.47 ( see  F i g u r e  I), it  
w i l l  b e  f e a s i b l e  t o  o p e r a t e  w i t h  t h r e e  f u e l  c e l l s  f o r  1 4  d a y s  
p r o v i d e d  t h a t  a v e r a g e  power i s  ma in ta ined  a t  t h e  minimum a v e r a g e  
power l e v e l  o f  1 7 1 0  watts ( d r i f t i n g  f l i g h t ,  powered down).  T h i s  i s  
t h e  c o r n e r  formed by  maximum a l l o w a b l e  n e t  water consumption and 
t h e  minimum a v e r a g e  power.  

An i n c r e a s e  o f  a from 0 . 2  t o  0 . 5  d e c r e a s e s  t h e  heat 

*A l o a d  of 1554 watts  was used i n  t h e  e a r l i e r  s t u d y .  
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2 . 5  SM RCS P r o p e l l a n t  

A s  n o t e d  i n  t h e  e a r l i e r  memo, c u r r e n t  a n a l y s e s  i n d i c a t e  
t h a t  a 14-day  f l i g h t  i s  f e a s i b l e  w i t h  f u l l y - l o a d e d  SM RCS t a n k s  
(790 l b s  o f  u s a b l e  p r o p e l l a n t )  w i t h  z e r o  marg in  o n l y  i f  t h e  
d r i f t i n g  f l i g h t ,  powered-down mode i s  adop ted  s o  t h a t  no RCS 
p r o p e l l a n t  i s  used  t o  e s t a b l i s h  and  m a i n t a i n  t h e  CSM i n  a f a v o r a b l e  
a t t i t u d e  f o r  t h e r m a l  c o n t r o l  p u r p o s e s .  

A t  t h e  expense  o f  m i s s i o n  d u r a t i o n ,  SM RCS p r o p e l l a n t  
may be expended t o  r e d u c e  water consumption by  a d o p t i n g  a t t i t u d e  
n o i a  modes f o r  t h e r m a l  c o n t r o l .  T h i s  d e c i s i o n  may b e  n e c e s s a r y  
t o  compensate  f o r  e x c e s s i v e  wa te r  b o i l i n g  due t o  deg raded  
r a d i a t o r  per formance  or h i g h  hea t  l o a d s  r e s u l t i n g  from u n f a v o r a b l e  
a t t i t u d e s  which a r e  d i c t a t e d  by o t h e r  m i s s i o n  o b j e c t i v e s .  I n  
t h e  f i g u r e s ,  t h e  two upper  r igh t -hand  c u r v e s  show t h e  r e s u l t s  i f  
t h e  most f a v o r a b l e  a t t i t u d e  i s  m a i n t a i n e d .  The RCS c o s t  i s  a b o u t  
1 t o  2 l b s / h r  of  a t t i t u d e  h o l d .  The c o s t  i s  t h e  same even  i f  l e s s  
f a v o r a b l e  a t t i t u d e s  a re  m a i n t a i n e d .  

2.6 E l e c t r i c a l  Power Consumption Without  Water B o i l e r  O p e r a t i o n  

A t  low power l e v e l s ,  n e t  water f l o w  t o  s t o r a g e  i n c r e a s e s  
l i n e a r l y  w i t h  t h e  c u r r e n t  o u t p u t .  T h i s  i s  i n d i c a t e d  i n  the fig1.1.r~ 

by t h e  s t r a i g h t  l i n e  w i t h  p o s i t i v e  s l o p e .  
w i l l  n o t  be  d i m i n i s h e d  by  w a t e r  consumption f o r  b o i l i n g ,  u n t i l  t h e  
t h e r m a l  c a p a c i t y  of  t h e  r a d i a t o r s  i s  exceeded .  I n i t i a t i o n  o f  
w a t e r  b o i l i n g  i s  i n d i c a t e d  where n e t - w a t e r - t o - s t o r a g e  l i n e s  change 
from p o s i t i v e  t o  n e g a t i v e  s l o p e s .  No water b o i l i n g  i s  r e q u i r e d  t o  
t h e  l e f t  o f  these  p o i n t s .  For i n s t a n c e ,  w i t h  t h r e e  f u e l  c e l l s  
o p e r a t i n g  and a c l e a n  r a d i a t o r  ( a  = 0.2),1350 watts may be  con- 
sumed b e f o r e  water i s  e v a p o r a t e d  f o r  supp lemen ta l  c o o l i n g .  T h i s  
i s  u n d e r  c o n d i t i o n s  of  d r i f t i n g  f l i g h t .  However, i f  t h e  a t t i t u d e  
can  b e  op t imized  f o r  t h e r m a l  c o n t r o l  ( t o  o b t a i n  a minimum o f  
s o l a r  r a d i a t i o n  on t h e  r a d i a t o r  p a n e l s )  a l a r g e r  h e a t  l o a d  can  
be  r e j e c t e d  by t h e  r a d i a t o r s  and a p p r o x i m a t e l y  1 8 0 0  watts may b e  
consumed b e f o r e  water b o i l i n g  i s  r e q u i r e d .  

The n e t  water t o  s t o r a g e  

2.7 O p e r a t i o n  w i t h  One and Two F u e l - C e l l  C o n f i g u r a t i o n  

When o n l y  two f u e l  c e l l  modules a r e  o p e r a t i n g ,  t h e  
compos i t e  v o l t a g e - v s - c u r r e n t  and water-vs-power(diss ipated i n  t h e  
C M ) c h a r a c t e r i s t i c s  a r e  a l te red .  The a l t e r a t i o n  i s  due  t o  t h e  
combined f u e l  c e l l  impedances and t h e  d e c r e a s e  i n  S e r v i c e  Module 
e l e c t r i c a l  power r e q u i r e m e n t s  f o r  e a c h  shut -of f  f u e l  c e l l  module 
( a p p r o x i m a t e l y  1 0 5  watts p e r  c e l l ) .  
d u c t i o n  t o  composi te  f u e l  c e l l  o u t p u t  i s ,  t h e r e f o r e ,  m o d i f i e d .  
The r e d u c t i o n  o f  minimum ave rage  power as a r e s u l t  o f  e l i m i n a t i n g  

The  r e l a t i o n  of  n e t  w a t e r  p ro -  
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t h e  l o a d  of  t h e  " o f f "  f u e l  c e l l  module u t i l i t i e s  i s  shown i n  
T a b l e  I .  
w a t e r  consumption of 0 . 6 1  l b s / h r  w i l l  b e  consumed by t h e  
minimum a v e r a g e  power l e v e l  o f  1514 watts i f  t h e  r a d i a t o r  degrades 
t o  a = 0.47.  A c l e a n e r ,  b r i g h t e r  r a d i a t o r  w i l l ,  o f  c o u r s e ,  p e r m i t  
h ighe r  power l e v e l s .  T5e p e r m i s s i b l e  CM and SIVi power consumption 
w i t h  undegraded r a d i a t o r s  and wi thou t  t h e  u s e  o f  t h e  water b o i l e r  
d e c r e a s e s  from 1350 wat ts  ( f o r  th ree  f u e l  c e l l s )  t o  a p p r o x i m a t e l y  
1 2 0 0  watts f o r  two f u e l  c e l l s .  Hydrogen i s  conse rved  b y  a two 
f u e l  c e l l  o p e r a t i o n  s i n c e  t h e  power consumed ir, t h e  SM by t h e  

A s  n o t e d  i n  F i g u r e  IT, t h e  maximum a v a i l a b l e  a v e r a g e  

f u e l  c e l l  puaps of t h e  "off" m o d u l e  is nn L c ~ ~ g e r  nenriinclil yu-* cu. 

With o n l y  one f u e l  c e l l  o p e r a t i n g ,  t h e  o u t p u t  v o l t a g e  
i s ,  of  c o u r s e ,  s e v e r e l y  d e c r e a s e d .  The e l i m i n a t i o n  o f  t h e  f u e l  
c e l l  pump l o a d s  o f  t h e  two ' 'off"  f u e l  c e l l  modules i n  t h e  SM 
p e r m i t s  a s i g n i f i c a n t  d e c r e a s e  o f  minimum a v e r a g e  t o t a l  power.  A s  
n o t e d  i n  F i g u r e  111, t h i s  14-day  minimum a v e r a g e  t o t a l  power,  now o n l y  
1 2 7 2  watts,  i s  l e s s  t h a n  t h e  maximum p e r m i s s i b l e  power of 1350 
watts as de te rmined  b y  t h e  minimum o p e r a t i o n a l  D .  C .  bus  v o l t a g e  
o f  26 v o l t s . *  Exceeding  t h i s  maximum p e r m i s s i b l e  power d u r i n g  
peak l o a d s  would p r e s e n t  l i n e  v o l t a g e  p rob lems .  ( T h i s  p a r t i c u l a r  
d e f i c i e n c y  s u g g e s t s  t h e  need f o r  a r e v i e w  o f  m i s s i o n  r u l e s  f o r  
f u e l  c e l l  f a i l u r e  a b o r t  c r i t e r i a  f o r  t h e  LOR m i s s i o n ,  as w e l l  as 
f o r  t h i s  nissien.) 

3 . 0  C o n c l u s i o n s  

I n  o r d e r  t o  o b t a i n  ex tended  d u r a t i o n  m i s s i o n s ,  c a r e f u l  
management of consumables ,  p a r t i c u l a r l y  H 2 ,  i s  n e c e s s a r y .  An 
o p e r a t i o n a l  enve lope  has been developed  r e l a t i n g  e l e c t r i c a l  power,  
e n v i r o n m e n t a l  c o n t r o l ,  and SM RCS p r o p e l l a n t  f o r  a t t i t u d e  h o l d  
w i t h i n  which s u c c e s s f u l  o p e r a t i o n  i s  p o s s i b l e .  The e f f e c t s  o f  
p o s s i b l e  d e g r a d a t i o n  of  thermal  c o a t i n g s  on t h e  r a d i a t o r s  has 
a l so  been  shown. 

The l i m i t s  of  o p e r a t i o n  w i t h  water b o i l i n g  a re ,  ( a )  1 8 0 0  
wat t s  maximum a v e r a g e  power w i t h  a c l e a n  r a d i a t o r  and  56 l b s  of  
a v a i l a b l e  hydrogen,  ( b )  1272,  1514,  and 1710 watts minimum a v e r a g e  
power r e q u i r e d  t o  s u p p o r t  t h e  m i s s i o n  w i t h  one ,  two,  and t h r e e  
f u e l  c e l l s  r e s p e c t i v e l y ,  and ( c )  a = 0.47 maximum p e r m i s s i b l e  
r a d i a t o r  a b s o r p t i v i t y  c o n s i s t e n t  w i t h  maximum a v e r a g e  p e r m i s s i b l e  ne t  
water consumption of 0 . 6 1  l b s / h r .  The l i m i t s  o f  o p e r a t i o n  w i t h  
no water b o i l e r  a r e  1350 watts and 1800 watts, w i t h  d r i f t i n g  f l i g h t  
and optimum thermal  a t t i t u d e  c o n t r o l  r e s p e c t i v e l y ,  w i t h  c l e a n  
r a d i a t o r s  and t h ree  f u e l  c e l l s .  These v a l u e s  a re  reduced  w i t h  one 
or two f u e l  c e l l s  or degraded  r a d i a t o r s .  

* V o l t a g e s  l e s s  t h a n  26  v o l t s  r e s u l t  i n  deg raded  o p e r a t i o n  of  
t h e  SM RCS,  g i m b a l  motor c o n t r o l ,  and SCS subsys t ems .  
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Some hydrogen economy i s  a c h i e v e d  by a two f u e l  c e l l  
o p e r a t i o n  because  power i s  no l o n g e r  consumed by pumps i n  t h e  r r o f f r r  
f u e l  c e l l  module.  One c e l l  o p e r a t i o n ,  however ,  c a n n o t  s u p p o r t  a 
r e a s o n a b l e  m i s s i o n  because  o f  d e f i c i e n t  sys t em v o l t a g e  d u r i n g  peak  
l o a d s .  

Sugges t ed  f u t u r e  e f f o r t s  a r e :  

a )  A supp lemen ta ry  s t u d y  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f  
expending  SM RCS p r o p e l l a n t  f o r  t h e r m a l  c o n t r o l  t h r o u g h  
a t t i t u d e  h o l d  based  on a v a i l a b l e  p r o p e l l a n t  margin  as 
a f u n c t i o n  n f  t . 1 ~ ~ .  

b )  S i m i l a r  a n a l y s e s  f o r  un ique  m i s s i o n s  o r  m i s s i o n  phases 
d u r i n g  which demand ra tes  f o r  consumables  may b e  con- 
s t r a i n e d  by  d e l i v e r y  o r  consumption r a t e  c a p a b i l i t i e s  
of one  or more s y s t e m s  ( e . g . ,  s u p e r c r i t i c a l i t y  c o n s t r a i n t s  
on c r y o g e n i c  d e l i v e r y  ra te ,  maximum water b o i l i n g  
c a p a b i l i t y ,  e t c .  ) . 

c )  S i m i l a r  a n a l y s e s  f o r  t h e  f i r s t  manned Block I1 m i s s i o n ,  
t h e  Block I1 LOR m i s s i o n ,  and f o r  t h e  LM. 

d )  A s t u d y  t o  examine t h e  d e s i r a b i l i t y  and f e a s i b i l i t y  o f  

d u r i n g  t h e  LOR m i s s i o n  w i t h  one and two f u e l  c e l l  
module f a i l u r e s .  

..-:-- U ~ L I I ~  t h e  iM b a t t e r i e s  t o  supp iy  L'Sivi power for a b o r t s  

e )  I n c o r p o r a t i o n  of  l a t e s t  t e s t  da ta  f o r  per formance  of 
r a d i a t o r s  as such  data become a v a i l a b l e .  

2031-SSF-dly 
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